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examined bronchoalveolar lavage 
(BAL) fluids from patients with adult res¬ 
piratory distress syndrome (ARDS) fori the 
presence of mediators of the inflammatory 
injury. The method of obtaining BAL 
fluids, together with a critique of the pro¬ 
cedure, has been published (1); 

In the initial experiments, aliquots of 
BAL fluid were incubated with (f 15 I) com¬ 
ponents ofi the contact (Hageman factor, 
prekallikrein, plasminogen, and high mo¬ 
lecular weight: kininogen) and complement 
system of proteins to determine whether ac¬ 
tivators of these systems could be found' 
(figure 1). BAL fluids of ARDS patients 
contained protease(s) that cleaved 4 com¬ 
ponents of the contact system, and C3, C4, 
C5, and facton8iof the complement system, 
(data not shown). Plasma of the patients, 
diluted to the same concentration of protein 
as the BAL fluid; was not active. 

The major protease of the BAL fluids 


SUMMARY Evidence obtained by biochemical analysts of BAL Raids from patients with ARDS 
Indicates that at least two important pathogenic events take place in the pulmonary tissues. 
These are the release of elastase from neutrophils and the generation of oxidants. Both events 
can lead to severe pulmonary injury, as has been demonstrated in laboratory animals and Iso¬ 
lated perfused lungs. AM REV RESPIH OlS ISM; 127:S2S-S27 


was identified by use of:inhibitors, to deter¬ 
mine an inhibitory profile, and by specific 
methods (1). The proteolytic activity was 
inhibited entirely in I0‘ 4 M diisopropyl- 
phosphoflUoridate (DFP)ibut not by chela¬ 
tion with 1,10 phenanthroline. Trasylol was 
also inhibiiory, but only imhigh concentra¬ 
tion. Cl inhibitor: w*as inactive, but while 
normal plasma could inactivate the en- 
zymes(s)j, o-l-PI (AlAT) j deficient plasma 
did inot. Addition of purified a-l-PI to the 
deficient plasma reconstituted ithe inhibitor 
capacity. This suggested that' leukocytic 
proteases could be involved. 


The protease w-as then found to lyse 
insoluble elasiin and cleave methoxysuc- 
cinyl (ala) 2 pro val pNA, both substrates for 


1 From the Scrjpps Clinic and Research Foun¬ 
dation, La Jolla, California, Tfcmplc University, 
Philadelphia, Pennsylvania, : and the University 
of California, San Diego. 

2 Thiis article is publication No. 2762 from ithe 
Research [hsciibie of Scripps Clinic. Supported 
in part byGrant No. A-l 17354, No. HL-I64II, 
and HL-23584 from the National Institutes of 
Health; Grant No. N-00014 from the Office of 
Naval Research'*, and the Council for Tobacco 
Research. 
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Fig.1. SDS-RAGE With flrmercaptoeihanol of ,<s t 
labeled Hageman Factor (HF), prekatlikrein (PK), 
plasminogen 1 (PU, and high molecular weight 
klninogen (HMWK) alter incubation (20 min 37* C) 
with 20 *1 of plasma (diluted 1:70 with sterile sa- 
line| (P) or 20 of bronchoafveoiar lavage fluid (8) 
of patient 7. Cleavage of each protein occurred 
alter Incubation with lavage fluid as described in 
the (ext A radiolabeled contaminant is present in 
the HF preparation in P Immediately below the 
major band of HF. and a small amount of sponta¬ 
neously cleaved plasminogen and HMWK was ot> 
served in the preparations that were untreated or 
exposed to plasma (P). (From McGuire, ef $1^ J 
Clin invest 1982; 69:543-53.) 


neutrophil elastase. Because chelation with 
1,10 phenanthroline failed to block proteo¬ 
lytic activity and, as noted, DFP was inhibi¬ 
tory, the elistase was differentiated from 
macrophage enzyme. Monospecific anti- 
. bodies to neutrophil elastase reacted with 
antigen in the BAL fluid of ARDS patients 
(figure 2) and inhibited the protease activ¬ 


ity. The enzyme was therefore identified as 
neutrophil elastase (NE). • ‘ 

: fn order to determine if the NE was the 
predominant enzyme, ( J H] DFP was added 
to BAL fluids and the incubated mixture 
subjected to polyacrylamide gel electro¬ 
phoresis in sodium dodccyl sulfate (SDS- 
PAGE), followed by autoradiography. The 
autoradiographs revealed [ J H]DFP binding 
to proteins exclusively at 28,000-31,000 Mrv 
i.e., in the range of NE. These combined 
data suggested that NE was the dominant 
protease in the BAL fluids, 

NE activity was found in BAL fluids of 
17 out of 24 patients with ARDS. Inactive 
NE was detected in an additional 4 patients 
immunologicaily. Only single samples of 
BAL fluid were available from the patients 
not containing NE activity. Because during 
the course of ARDS BAL fluids at times 
contained active NE, but at other times did 
not, it is possible that lavage fluidi of those 
patients not demonstrating NE would have 
contained NE at another time in the course 
of the illhess. 

The finding ofNE in BAL fluids was not 
unique to this disease. While BAL fluid of 7 
normal individuals did not contain NE, 2 of 
27 patients with presumed' noninflamma¬ 
tory lung disease and 17 of 37 patients with i 
bronchiali pneumonia were found to con¬ 
tain NE. Thus the presence of NE in the 
lung fluids is not diagnostic of ARDS. In¬ 
deed, the data suggest that inflammation of 
ARDS patients cannot, at present, be dis¬ 
tinguished biochemically from other pul¬ 
monary inflammatory diseases. 
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IMMUNOELECTROPHORESIS OF SERIAL ARDS 
- BRONCKOALVEOLAR LAVAGt FLUIDS 




Fig. 2, DoubI* diffusion lmmun«?precipilin analy¬ 
sis o( the presence of neuttophil elastase (N£f 
antigen in two casw ot BALI ttom patients with) 
AflDS. CoalescerKe is noted between these pre¬ 
cipitin bands and those developing with purified 
NE. The center well icontain* anti-NE (<»NE). The 
small tine of precipitation near the center well and 
belween wells containing 1 BAL 21 and BAL 16 
fluids probably represents a complex of elastase 
•nd o-, R| inhibitor. (From McGuire, ef a/., J Clin In¬ 
vest 1982; 69 543-53 | 


Fig. 3. Immunoelectrophoresis of 8AL fluids from 
a patienl i with AflOS at three times during i the 
course ofiiilness NE = purified neutrophil etas- 
tase; NHP = nofTnal human plasma; >NE = anti 
NE;A1AT = anH-»vP}. The precipitin arc develop¬ 
ing between anti-NE and NE in the BAL fltliid in Ihe 
early and peak times in ARDS was seen displaced 
to ihe beta region of the plate, opposite a slowly 
migrating porlton ot the »-,-Pl. At'the peak of dis¬ 
ease, a small precipitin band of tree NE was de¬ 
tected (seen between the lop of the well and the 
fetters BAL). 
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Fig. 4. Two-dimensional immunodiffusion anatyr 
sis of ineutrophil elastase (NE) and a-^Pl in BAL 
fluid of patients with ARDS (Patient nos. 133, 160, 
161, 275). As noted especially in the precipitin 
band between wefts containing anti-NE and BAL 
fluid from patients 275 and 161, the NE-anil NE 
precipitin band coalesces with the precipitin band 
that developed between the BAL fluids and anti! 

The coalescence indicates complexing of 
•vPl and NE. . 


Similar data have been obtained'by Lee et 
ai (2). These authors observed the presence 
of elastase in 12 of 23 patients with ARDSv 
An inverse correlation between active NE 
and o-l-PL was noted by, these investiga¬ 
tors. 

Analyses were conducted to determine in 
what state the NE existed as an inactive pro¬ 
tein. Immunoelectrophoretic analysis re¬ 
vealed that NE in these BAL fluids mi¬ 
grated in the £ region rather, than in the y 
> region as did the native molecule. The posi¬ 
tion of the NE was identical to that of a 
portion of the cr-I-Pl, which migrated more 
slowly toward the anode in the electrophor¬ 
etic field (figure 3), Two-dimensional im¬ 
munodiffusion analysis revealed that the 
NE and a-LPI w^ere complexed (figure 4). 

Of great interest was the observation that 
the unbound o-l-PI in the BAL fluids was 
also inactive. Assessment of aciivity of the 
o-!-PIin the BAL fluids of ARDS patienfs 
revealed considerable or complete loss of 
activity (figure 5)j , Further: analyses were 
therefore conducted to determine the cause 
of inactivation of the unbound o-l-PL The 
immunoelectrophoretic position of the free, 
inactive o-l-PI suggested that the molecules 
were not greatly changed in isoelectric 
point. To determine if cleavage of the 
cr-l-PI molecules had occurred that might' 
account for inactivation^ a-l-Pl in BAL 
fluids in which the inhibitor was totally in¬ 
activated was adsorbed'to anti-a-1-PI insol- 
ubiUzed to Sepharose 4B and, after, wash¬ 
ing, eluted in SDS and subjected to SDS- 
PAGE. In 5 .of 6 samples so treated, the in¬ 
active o-l-PI was observed to retain its 
native size of 52,000 dallons. In the sixth, 
cleavage of the a-1-PI was apparent wiih a 
47,0001Mr fragment being observed. Thus, 
while proteolytic cleavage may occur, ex¬ 
amples of uncleaved, inactive o-l-PI were 
apparent. 
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FlQ.5. Total quantity, and activity of o-,-Pt' In BAL 
fluid of patients with ARDS.Total activity was ob¬ 
tained by quantitative immunodiffusion (Mancini) 
assay and activity of the »-,-Pf by inactivation of 
porcine pancreatic elastase (see reference 5). 


Oxidation of the a-l-PI 
Another: possible mechanism of inactiva¬ 
tion involved oxidative conversion of meth- 
ionyl residues in the reactive site to meth- 
ionyf-sulfoxide, a reaction shown previously 
to inactivate the inhibitor (3, 4). We invests 
gated this possibility an ploying 2 techniques. 
In the first, the method developed by John¬ 
son and Travis (3, 4), potentially oxidized, 
inactive a-l-PI was exposed to porcine pan¬ 
creatic elastase. If inactivated by oxidation, 
a 47,000 Mr cleavage product results and 
complexing of: the porcine elastase by the 
ajJiPJ doe&^not-occur. Thi*~pfovcd to be 
the case in .BAL fluids of patients lacking 
: a-l-PI activity but having cr-l-PI demon¬ 
strable by immunologic techniques (5). 

In a second, more direct method of dem¬ 


onstrating oxidative inactivation of the 
a-l-PI (6), we exposed the BAL fluids to di- 
thiothreitol in the presence of the enzyme 
methionyl sulfoxide peptide reductase 
(kindly supplied by Drs. Harvey Carp and 
Aaron Janoff). Of 9 BAL fluids treated in 
Ibis manner, 8 showed partial or complete 
restoration of a-l-PI activity. SDS-PAGE 
analysis of the a-l-PI (isolated by adsorp¬ 
tion onto antibody-coated Sepharose 4B 
beads and elbted in SDS) prior to exposure 
to reducing agent was performed in order to 
determine why a-l-PI activity was only par¬ 
tially restored in some of the cases and not 
restored in one. In each of these cases, 
a-l-PI was observed that was either com- 
plexed with NE, having a Mr of 80,000, or 
was cleaved to 47,000 Mr t In those cases in 
which complete or partial restoration was 
observed, 52,000 Mr a-I-PI was present (5 )j 
T hus restoration of activity of the a-l-PI 
resulted from exposure of the BAL fluid to 
reducing agent in the presence of a reduc¬ 
tase as long as free, 52,000 dalton a-l-PI 
was available. 

In order to determine if the a-l-PI had 
been inactivated isysiemically or in the lUng 
of ARDS patients, the specific activity of 
a-l-PI ihithe plasma was assessed] In 14 of 
22 cases, the a-I-PI was greater than 90% 
active (5). Thus inactivation of the a-I-PI in 
the lung in these cases resulted from oxida¬ 
tive reactions occurring in the pulmonary 
tissues. In the remainder* 10 to 50% inacti¬ 
vation loccurred, suggesting that either sys¬ 
temic inactivation of a-l-PI Had occurred 
Or that a-l-PI was inactivated in the lung 
and was returned to the circulation in that 
form. 

The experimental establishment of oxida¬ 
tive inactivation of a-l-PI is ofi critical 
importance, not only because the major 
Control protein of neutrophil elastase is 
compromised, but also because this finding 
indicates the generation of oxidants in vivoi 
Because the presence of extracellular oxi¬ 
dants is known to injure lung tissues (7, 8, 


9), its demonstration in the lungs of ARDS 
patients may reveal the existence of an im¬ 
portant pathogenetic mechanism in thisdis- 
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